Background: Multiple features in the presentation of randomized controlled trial (RCT) results are known to influence comprehension and interpretation. We aimed to compare interpretation of cancer RCTs with time-to-event outcomes when the reported treatment effect measure is the hazard ratio (HR), difference in restricted mean survival times (RMSTD), or both (HRþRMSTD). We also assessed the prevalence of misinterpretation of the HR.
Introduction
Time-to-event outcomes are paramount in cancer randomized controlled trials (RCTs). In this context, the hazard ratio (HR) is increasingly used to measure treatment effects [1] . The HR does not provide any information on the cumulative risks of the outcome, but it may be misinterpreted as a relative risk ( Figure 1 ) [2] .
An additional method for measuring treatment effects with censored data is the difference in restricted mean survival times (RMSTD). The RMSTD compares the mean survival times between the experimental and control groups up to a fixed time point [3] [4] [5] . The RMSTD addresses the fundamental, and clinically important, question of how much longer, on average, those in the experimental group live, over a fixed time horizon. The RMSTD gives an intuitive absolute measure of the treatment effect in the time domain [6] . It is likely to be meaningful to clinicians and patients because absolute effects, not relative effects, are what generally matter for clinical decision-making [7, 8] .
It is known that the presentation of results can influence impression of treatment benefit [9, 10] . We have previously shown that RMST-based treatment effect measures yield more conservative estimates than HRs [5] . To our knowledge, there is no prior evidence examining how clinicians interpret the HR and how they assess the clinical significance of treatments according to the HR or the RMSTD. We conducted a vignette-based randomized experiment to assess (i) how reporting the HR or RMSTD in RCT abstracts influences the interpretation of the results and (ii) the prevalence of misinterpretation of the HR.
Methods
We surveyed corresponding authors of RCTs, medical residents, and fellows. We randomly allocated participants to review an abstract for 1 of the 15 cancer RCTs with primary time-to-event outcomes. We further randomized participants to one of the three versions of the abstract according to the treatment effect measure for the primary outcome: HR, RMSTD, or both (HRþRMSTD).
The Institutional Review Board at Boston Medical Center (BMC) approved the protocol and we registered it with the Open Science Framework (https://osf.io/uqwxc/).
Selection of trials
We selected 15 RCTs among 54 from our previous systematic review (supplementary data S1, available at Annals of Oncology online) [5] . To determine the 15 RCTs for inclusion, we selected superiority RCTs in solid tissue cancers with a single primary time-to-event outcome. We further selected RCTs that reported the HR for the primary outcome in the abstract, the corresponding Kaplan-Meier curves, and showed a statistically significant effect estimate. Across these 15 RCTs, the primary end point was PFS in 10 RCTs and OS in 5 RCTs; the HR ranged from 0.21 to 0.86; the RMSTD ranged from 1.14 to 6.57 months.
Construction of vignettes
We used a pre-specified methodology to edit and standardize the selected abstracts (supplementary data S2, available at Annals of Oncology online). We masked treatment names to reduce the ability to recognize RCTs. Three authors constructed the vignettes with a formal review and consensus process (supplementary Table S1 , available at Annals of Oncology online).
From the standardized abstract, we further created three versions according to the treatment effect measure for the primary outcome. We first reconstructed individual patient data from the Kaplan-Meier curves of each RCT [11] . We pre-specified the time horizon in each RCT as the minimum of the largest event times in each group. We calculated the The RMSTD is small, indicating that those on the experimental treatment live only 0.59 months longer, on average, compared with those on the control treatment. In any case, at any time point t, the hazard (or rate) of death pertains only to participants still at risk of death; the hazard ratio compares the experimental and control groups with respect to the instantaneous risks of death at time t only within participants surviving up to t; in contrast, the relative risk compares the cumulative risks of dying up to time t; the difference in restricted mean survival times quantifies the gain (or loss) in event-free survival over the time interval from 0 to t.
(unadjusted) HR and the RMSTD. We replaced the original HR in the abstract by the reconstructed HR for the HR group, by the RMSTD for the RMSTD group, and by the reconstructed HR followed by the RMSTD for the HRþRMSTD group.
Participants and recruitment strategy
We invited corresponding authors of cancer RCTs published or completed between 2010 and 2018 to participate. We also invited corresponding authors of non-cancer RCTs, as they would be presumably less influenced by the subject matter. We identified the email addresses by searching PUBMED and clinicaltrials.gov (supplementary Table S2 
Online survey
We obtained participant consent and collected data using REDCap (supplementary Figure S1 , available at Annals of Oncology online) [12] . Subjects were unaware of the nature and purpose of the research. After consent, we provided participants with their randomly assigned abstract, asked them two questions to elicit their interpretation, and for their gender, age range, and previous training in epidemiology, biostatistics, or methods of RCTs-never completed a formal course, completed nondegree course(s), have masters or doctorate.
Random assignment
We randomly allocated participants to 1 of the 15 RCTs and to 1 of the 3 abstract versions using a centralized randomization scheme. A statistician generated the randomization list, stratified according to the 3 target populations with blocks of size 45, before study activation.
Outcomes
We pre-specified two outcomes: (i) degree to which participants judge the experimental treatment to be beneficial on an 11-point Likert scale ranging from 0, not beneficial at all, to 10, extremely beneficial; (ii) misinterpretation of the HR. For the first outcome, we asked: 'Based on the primary end point in the provided abstract, on a scale from 0 to 10, is the experimental treatment beneficial?' For the second outcome, we used a multiple-choice question: 'An RCT found an HR for death to be 0.70 at 24 months. Based on this information, which of the following statements is true? There is a: (a) 30% reduction in the absolute risk of death at 24 months on average; (b) 70% reduction in the absolute risk of death at 24 months on average; (c) 30% increase in survival time on average; (d) 70% increase in survival time on average; (e) we are unable to determine reduction in absolute risk or increase in survival time based on the provided information'. We considered responses (a) through (d) as misinterpretations of the HR.
Sample size
We computed the sample size necessary to detect a mean difference between any two abstract versions of 1.0-point on the 11-point Likert scale.
We assumed a within-group standard deviation of 2.7 points [13, 14] . We used a Bonferroni correction for three pairwise comparisons resulting in an adjusted a of 0.0167. The required sample size was 150 per group to guarantee 80% power. Assuming that 50% of the population misinterpret the HR, 450 participants also would enable estimating this expected proportion with 4.62% absolute precision and 95% confidence interval (CI).
Statistical analysis
The study population consisted of participants who responded to the Likert scale score question. We estimated the mean differences in Likert scale score between groups, and the associated 95% CIs, with a two-level linear model, accounting for multiplicity. We used a random intercept to account for differences in how beneficial the experimental treatment was across the 15 RCTs. We estimated the proportion of participants misinterpreting the HR with 95% Wilson score CI. We conducted two prespecified subgroup analyses, according to target population and previous training in epidemiology/biostatistics. We used two-tailed P values with a Bonferroni adjustment when relevant and a significance level of 0.05. We conducted all analyses with R version 3.4.4 (R Development Core Team, Vienna, Austria).
Results
We randomized 160 participants to the HR group, 154 to the RMSTD group, and 155 to the HRþRMSTD group (Figure 2 ). In total, we sent 6643 email invitations and 600 (9%) individuals gave consent. Among those, 469 (78%) responded to the Likert scale score question and were included in the study. In all, 25% of participants were medical residents and fellows, 30% were women, and 42% were 50 years or older ( Table 1) .
Interpretation of treatment effect
The mean Likert score evaluating the benefit of the treatment was 5.7 (95% CI from 5.2 to 6.2) in the HR group, 4.8 (4.4-5.3) in the RMSTD group and 5.4 (4.9-5.9) in the HRþRMSTD (supplementary Figure S2 , available at Annals of Oncology online). The mean score was statistically significantly lower in the RMSTD group when compared with the HR group (mean difference À0.8, À1.3 to À0.4, P < 0.01) and when compared with the HRþRMSTD group (difference À0.6, À1.1 to À0.1, P ¼ 0.05; Figure 3 ). There was no evidence of difference between the HRþRMSTD and the HR groups (difference À0.3, À0.7 to 0.2, P ¼ 0.52). In subgroup analyses, there was no evidence of interaction by target population (P ¼ 0.11) or prior education (P ¼ 0.68). The results were consistent among corresponding authors of cancer and non-cancer RCTs. However, among residents/fellows, the mean differences were close to the zero for all three comparisons. Regarding prior training, mean differences were larger among those with a degree in epidemiology/biostatistics (RMSTD versus HR À1.1, À2.0 to À0.3, P ¼ 0.02, and RMSTD versus HRþRMSTD À0.8, À1.7 to 0.0, P ¼ 0.11).
Lastly, the mean Likert scores were similar across the 15 vignettes (supplementary Figure S3 , available at Annals of Oncology online).
Interpretation of HR
In all, 47.2% (95% CI, from 42.7% to 51.8%) of participants misinterpreted the HR either as providing information on the absolute risk or on survival time (Figure 4) . The most common misinterpretation was interpreting the HR as the reduction in the absolute risk (i.e. as the relative risk), occurring in 40.0% (35.5%À44.5%) of participants. Interpreting the HR as the relative risk reduction was infrequent, occurring in 1.3% (0.6%À2.9%).
In subgroup analyses, there was a significant difference in the proportion of participants who misinterpreted the HR between the three target populations (P ¼ 0.05) and according to prior training (P < 0.01). Among corresponding authors of cancer and non-cancer RCTs, 45.0% and 39.7% misinterpreted the HR, respectively, while 63.3% of residents/fellows misinterpreted it. The proportion who misinterpreted the HR was 40% among those with a degree in epidemiology/biostatistics, 49% among those who reported no previous training in epidemiology/biostatistics, and 54% among those who had completed a non-degree course.
Discussion
In this study, almost half of participants misinterpreted the HR, with $40% equating the HR with the relative risk. In addition, participants judged the experimental treatment to be less beneficial if the RCT abstract included only the RMSTD when compared with abstracts including the HR or both the HR and RMSTD.
While some members of the medical research community may be aware of misconceptions surrounding the HR, to our knowledge, this study is the first to generate empirical evidence regarding the widespread misinterpretation of HR as relative risks [2] . The direction of the HR is always the same as that of the relative risk, but the HR indicates nothing about the magnitude of the absolute risk reduction or about the timing of events [15] . The HR is frequently further from the null effect than the relative risk. Thus, equating the HR to the relative risk may lead to an optimistic interpretation of the benefit. A potential explanation for the common misinterpretation of the HR may be that many textbooks introduce the HR as being broadly similar to the relative risk in meaning and interpretation. In our study, misinterpretation of the HR was more common among participants who had completed a non-degree course in epidemiology/biostatistics. In addition, residents and fellows were more likely to misinterpret the HR. Including more effective epidemiology/biostatistics training in medical curricula should play an essential role in conveying the correct interpretation of HR as a rate ratio [16] .
Participants applied different standards regarding the practical clinical significance of treatments when interpreting the HR and the RMSTD. The magnitude of the difference in Likert score was similar to that observed in a previous randomized experiment assessing the impact of spin [13] . Our finding may be explained by the fact that participants in the RMSTD group judged the gain in lifetime or time without progression to be minimal compared with participants in the HR group who misjudged the gain in terms of absolute risks. Another explanation could be that the HR lends itself to judgment of treatment benefit without having to conceptualize clinical significance. This finding has major implications regarding how clinicians perceive what constitutes a meaningful benefit to patients and whether they endorse the experimental treatment [17] . Finally, there was no significant difference between the group reading the HR alone when compared with both the HR and RMSTD. Participants in the HRþRMSTD group may have focused on the familiar HR, especially because we systematically presented the HR before the RMSTD. Previous literature examining methods for communicating treatment effects has mostly focused on binary and continuous outcomes. In a systematic review of studies that evaluated risk communication formats, only 4 out of the 91 studies concerned time-to-event outcomes and none addressed the interpretation of the HR [18] . In a previous randomized experiment, Chao et al. found that presenting the relative risk reduction resulted in the highest rate of endorsement of the experimental treatment and recommended using the absolute survival benefit instead [10] . The impact of reporting the RMSTD in abstracts of RCTs had never been evaluated. Despite its methodological strengths-e.g. the use of a randomized design and of multiple vignettes based on real RCTs-our study needs to be replicated. In particular, absolute benefits for survival time in cancer tend to be small [5, 19] .
Our study has limitations. First, we asked participants to evaluate the benefit of treatment based only on the abstract and the primary end point. However, clinicians typically rely on abstracts alone to guide their clinical decision-making [20] . In addition, preconceived notions of toxicity and burden of treatment also may have resulted in lower perceived benefit of experimental treatment. Second, our study relied on a limited sample of vignettes. However, results were consistent in the subgroup of corresponding authors of non-cancer RCTs, very likely completely unfamiliar with the RCTs, suggesting that our findings are not driven by the specific examples. Third, we focused on the RMSTD. Other options include the ratio of RMSTs or the RMST in each group [21] . Fourth, participants were corresponding authors of RCTs indexed on PUBMED or clinicaltrials.gov. Moreover, the overall response rate was 7%. Thus, participants may not be representative of end-users of RCTs. The proportion of female participants in our study was only 30%, consistent with gender differences in authorship [22] . We were able to reach our target sample size despite the low response rate. In keeping with literature on methods of increasing enrollment rates, we did not mention 'survey' in the email subject line, we used a donation incentive and in the reminder emails, we included the number who had already responded [23, 24] .
In conclusion, we found that HR is commonly misinterpreted, most frequently as a relative risk. Moreover, participants judged experimental treatments as less beneficial when reading the RMSTD when compared with the HR. We recommend that 
